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Using finite-temperature phonon calculations and the Lyddane-Sachs-Teller relations, we calculate
ab initio the static dielectric constant of 92 semiconducting oxides and fluorides with cubic perovskite
structures at 1000K. We first compare our method with experimental measurements, and we find
that it succeeds in describing the temperature dependence and the relative ordering of the static
dielectric constant DC in the series of oxides BaTiO3, SrTiO3, KTaO3. Then, based on the high-
temperature phonon dispersions obtained in a previous study, we find that the dispersion of DC is
much larger in oxides than in fluorides at 1000K, and that niobates are the best dielectrics at high
temperatures within this class of materials. Finally, we display the correlograms of the dielectric
constants with simple structural descriptors, and we point out that DC is actually well correlated
with the infinite-frequency dielectric constant ∞, even in those materials with phase transitions in
which DC is strongly temperature-dependent.
I. INTRODUCTION
Perovskites, and in particular BaTiO3, are the most
used ceramic dielectrics due to their high static dielec-
tric constant close to room temperature. This is due to
the proximity of the Curie point, at which a phase tran-
sition happens, which also makes the dielectric constant
strongly temperature-dependent. This side effect is unde-
sirable for applications and limits the usable temperature
range of those materials. It is possible to compute the
static dielectric constant from first principles, for instance
using density functional perturbation theory (DFPT) [1].
At present, such calculations can even be performed in
a high-throughput fashion, that is, for a large number
of materials [2, 3]. However, the methodology is lim-
ited to ground-state properties, which are not relevant
for strongly anharmonic materials like perovskites, whose
phonon spectrum and crystal structure vary significantly
with temperature.
In this study, we use finite-temperature lattice dynam-
ics calculations to compute the static dielectric constant
of 92 oxide and fluoride cubic perovskites at high temper-
ature. Such a high-throughput methodology is particu-
larly interesting for the search of new materials that could
operate at specific conditions. In particular, with the re-
cent development of sensors and electronics designed to
operate close to the engine of airplanes or vehicles, the
industry would benefit from compounds that are more
adapted to high-temperature conditions, especially for
use in capacitors [4].
We first describe the method, which is based on
the Lyddane-Sachs-Teller relations [5, 6] combined with
temperature-dependent lattice dynamics calculations [7],
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and demonstrate its reliability by computing the dielec-
tric constant of BaTiO3, SrTiO3 and KTaO3 at 500K
and 1000K. In a second part, we build on the high-
throughput finite-temperature phonon spectra that we
obtained in our previous work [8] to study the dielectric
constant of oxide and fluoride cubic perovskites at high
temperature. We find that oxides present a larger diver-
sity of values, that niobates are likely good dielectrics at
high temperature, and that the ion-clamped value of the
dielectric constant is unexpectedly well correlated with
the high-temperature dielectric properties.
II. AB INITIO CALCULATIONS OF THE
STATIC DIELECTRIC CONSTANT AT FINITE
TEMPERATURE
The ionic contribution to the relative permittivity can
be obtained from the generalized Lyddane-Sachs-Teller
relations [6]. In cubic perovskites, the crystal is isotropic,
so that
DC
∞
=
∏
j
(
ωLj
ωTj
)2
(1)
with DC the static dielectric constant, ∞ the ion-
clamped dielectric constant, and ωL and ωT the long-
wavelength longitudinal and transverse optical frequen-
cies. The splitting between longitudinal and transverse
modes, along with ∞, can be obtained from DFPT as
implemented for instance in VASP [9]. To obtain effective
second order interatomic force constants at finite temper-
ature including anharmonic effects, we use the method
presented in Ref. [7], which uses a regression analysis of
forces from density functional theory coupled with a har-
monic model of the quantum canonical ensemble. This
is done in an iterative way to achieve self-consistency of
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Figure 1. A comparison between the static dielectric con-
stants of BaTiO3 (red), SrTiO3 (black) and KTaO3 (blue),
as calculated ab initio at 500K and 1000K (dots) and us-
ing a linear interpolation of the interatomic force constants
for other temperatures (full lines), and the fitted expressions
 = L + C/(T − Tc) obtained from experimental measure-
ments in Rupprecht and Bell, Phys. Rev. B 135, A748 (1964)
[13] (dashed lines).
the phonon spectrum. The value of ∞ is considered to
be constant since thermal expansion only has a marginal
impact on it. The splitting between the LO and TO
modes is obtained from the non-analytical correction for
q → 0 using ground-state Born charges, as implemented
in phonopy [10, 11]. In practice, we adiabatically turn on
the non-analytical correction in order to track the differ-
ent pairs of modes that are relevant in Equation 1.
We first perform the calculations for a series of three
oxides, BaTiO3, SrTiO3 and KTaO3, at 500K and
1000K, using the PBEsol functional and a 4x4x4 super-
cell, also including spin-orbit coupling for KTaO3. For
other temperatures, we simply interpolate the force con-
stants linearly. Under the approximation that the eigen-
vectors are unchanged, the soft mode would then follow
a Curie law:
ω2 = A(T − Tc) (2)
This interpolation also allows us to estimate the tran-
sition temperature of those compounds. We obtain for
BaTiO3: Tc ≈ 480K, for SrTiO3: Tc ≈ 230K and for
KTaO3: Tc ≈ 130K. This overestimation of about 100K
compared to the experimental values corresponds to very
tiny energy scales, and is comparable to what has been
found by other methods [12].
Our results for the static dielectric constant are dis-
played in Figure 1 and compared with the experimental
data from Rupprecht and Bell [13]. As expected from
the transition temperatures, there is a shift of about
100K and a difference in the temperature dependency,
reflecting the limitations of the method. Notably, this
kind of calculations can be quite sensitive to the choice
of the exchange correlation functional, already for the
ground-state properties [2]. However, here the order of
magnitude and the respective ordering of the values are
correct, in particular at high temperature. This demon-
strates that finite-temperature ab initio calculations of
the static dielectric constant are now feasible, up to the
precision of density functional theory and of the chosen
functional.
III. HIGH-THROUGHPUT RESULTS
We now apply the same methodology to the set of 92
oxide and fluoride perovskites that we identified as me-
chanically stable at 1000K in our previous work [8]. Be-
cause of the reduced precision (notably, a smaller 3x3x3
supercell) and of the high-throughput methodology (pos-
sible failures in the production process: for instance, in
the following, we will ignore the compounds CaSeO3 and
CuCF3 which appear to display unphysically large values
of ∞), the absolute values are expected to be less accu-
rate. Still, the general trends can give useful physical
insight.
We list the stable compounds and their static dielec-
tric constants at 1000K, 1000 – and when they are also
mechanically stable at 300K, 300 – in Table I. We high-
light in blue 37 perovskites that have been reported ex-
perimentally in the ideal cubic structure, and in red 11
compounds that are reported only in a non-perovskite
form (see References in Ref. [8]). On top of the list of the
reliable materials, we see that niobates, and in particular
KNbO3, appear to be the most promising compounds for
high-temperature applications.
On Figure 2, we display the distribution of compounds
as a function of the dielectric constant, both for the ion-
clamped (with electronic contribution only) and for the
static one at 1000K. As can be seen already in Table I,
the effect of the lattice screening can be much stronger in
oxides, and as a consequence there is a larger dispersion
of the values of the static dielectric constant than for
the fluorides. We also remark that the high-frequency
dielectric properties reflect the fact that oxygen is more
polarizable than fluor, and one can wonder if this stronger
polarizability is not the cause of the stronger reaction of
the lattice.
We answer this question by computing the Spearman
correlograms of the static dielectric constant at 1000K
DC with ∞, and with several simple descriptors of the
cubic perovskite structure ABX 3: the masses of atoms
A and B, their position in the periodic table, their elec-
tronegativity and Pettifor scales, their ionic radii, the lat-
tice parameter of the compound and its electronic band
gap. This is shown on Figure 3, for fluorides and for
31000 300 1000 300 1000 300 1000 300
CaSeO3 7905 BaSiO3 42 CaSiO3 20 TlOsF3 11 12
GaTaO3 1741 CdSbF3 42 NaBeF3 20 35 AuMgF3 10
TlNbO3 799 BaHfO3 34 48 InCdF3 19 CsHgF3 9 11
CuCF3 560 560 BeScF3 34 36 TlPbF3 19 RbHgF3 9
KNbO3 445 SrHfO3 32 CdYF3 18 22 KHgF3 9
AgNbO3 371 TlSnF3 30 54 HgInF3 18 21 CsBaF3 9
TlTaO3 346 GaZnF3 29 PdScF3 17 20 CsZnF3 9 11
AuNbO3 328 CdBiF3 29 29 BaCuF3 17 KCaF3 8
RbTaO3 249 CdScF3 28 32 TlCaF3 16 AgMgF3 8
SrTiO3 228 123 XeBiF3 27 64 TlHgF3 16 KCdF3 8
NaNbO3 227 GaMgF3 26 56 GaRuF3 16 AgZnF3 8
SnSiO3 197 246 ZnInF3 24 29 InOsF3 15 RbZnF3 8 8
PbTiO3 192 RbSnF3 24 37 TlCdF3 15 CsCaF3 8 8
AlZnF3 182 ZnAlF3 23 24 XeScF3 15 17 CsSrF3 7 11
AgTaO3 137 InZnF3 23 34 BaLiF3 15 15 CsCdF3 7 8
PbHfO3 124 SrSiO3 22 23 ZnYF3 14 17 KZnF3 7 8
BaTiO3 83 763 BeYF3 22 26 TlZnF3 14 17 RbCdF3 7 9
AlMgF3 79 HgScF3 21 15 HgYF3 13 14 RbCaF3 7 9
NaTaO3 68 ZnScF3 21 21 PdYF3 13 15 RbSrF3 7
PbSiO3 60 76 KSnF3 21 KPbF3 12 RbMgF3 6 6
BeAlF3 56 55 InMgF3 21 30 TlMgF3 12 14 KMgF3 6 6
AlFeF3 46 ZnBiF3 21 22 AuZnF3 12 KFeF3 6 6
BaZrO3 43 92 HgBiF3 20 24 RbPbF3 11 RbFeF3 6 6
Table I. List of the calculated relative static dielectric constants of cubic perovskites that were found to be mechanically stable
at 1000K and at 300K in Ref. [8]. We highlight in blue the compounds that are experimentally reported in the ideal cubic
perovskite structure, and in red those that are reported only in non-perovskite structures (same as in Ref. [8]).
Figure 2. Distribution of compounds as a function of the static dielectric constant including only the electronic contribution
(∞, left) and also the lattice contribution at 1000K (DC , right). The red curve corresponds to the distribution for all
mechanically stable compounds. The green curve corresponds to the distribution for fluorides only. The blue curve corresponds
to the distribution for oxides only (the scale has been multiplied by 10 on the right graph).
oxides separately. We indeed find out that there is a
strong correlation between the high-frequency and the
static dielectric constants, which was not obvious since
the transition temperature plays a crucial role, even if
∞ is a factor in Equation 1.
Interestingly, we also observe that the ionic radius of
atom A and the electronic band gap have important neg-
ative correlation with the static dielectric constant. This
has indeed been observed empirically based on experi-
mental data [14]. Since the stability of the cubic phase
is known to be intimately linked with geometric factors
[15], it is likely that the ionic radius of atom A influences
both the electronic polarizability of the compound and
its transition temperature. A consequence of this finding
is that if one wishes only to know the order of the static
dielectric constant between perovskites in the same cubic
phase, the high-frequency limit is actually a sufficiently
good indication. This is valid for instance for the se-
ries studied above, BaTiO3, SrTiO3 and KTaO3. It also
explains the good Spearman correlation that was found
in Ref. [2] between calculated values using DFPT at the
ground state and experimental measurements at room
4Figure 3. Spearman correlograms between the static dielectric constant at 1000K DC , the infinite frequency (static electronic)
dielectric constant ∞, the masses mA and mB of atoms at sites A and B of the perovskite ABX 3, their position in the periodic
table, their electronegativity eA, eB , their Pettifor scale χA, χB , their ionic radius rA, rB , the lattice parameter of the compound
alatt and its electronic band gap, for mechanically stable fluorides (left) and oxides (right).
temperature, despite the occasional strong discrepancies
in the order of magnitude for perovskite compounds.
IV. CONCLUSION
In conclusion, we have demonstrated that the static
dielectric constant can now be calculated from first prin-
ciples at finite temperature with reasonable agreement
with the experiment, over a large temperature range.
We have conducted a high-throughput study of the high-
temperature static dielectric constant in oxide and fluo-
ride cubic perovskites, and found that niobates are po-
tentially good dielectrics at high temperatures. Finally,
we observed that the rank of the static dielectric con-
stant at high temperature is already well described by
the ion-clamped value, and mostly linked to the ionic ra-
dius of atom A of the perovskite ABX 3. We hope that
our study will motivate high-throughput computational
search of dielectric materials for specific applications in
harsh temperature conditions.
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